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[ABSTRACT] 

There is provided a transmit antenna array device with at least two 
antennas and a method thereof in which a transmission beam is formed 

5 appropriately based on a weight vector to be transmitted to a specific mobile 
station in a mobile communication system. For this purpose, a base station 
device has a reverse processor for processing a reverse signal received through 
the antenna array, a forward fading information extraction unit for extracting 
forward fading information from the received reverse signal, a beam formation 

10 controller for generating a weight vector for formation of a transmission beam 
using the forward fading information and the received reverse signal, and a 
forward processor having a transmission beam generator for generating a 
transmission beam for a transmission message based on the weight vector. A 
mobile station device has a forward processor for processing a received forward 

15 signal, a forward fading estimator for estimating forward fading information of 
the forward signal for each path, a forwarding fading encoder for combining the 
estimated forward fading information and encoding the combined forward fading 
information, and a reverse processor for multiplexing the encoded forward fading 
information with a transmission message and feeding back the forward fading 

20 information in the multiplexed signal to a base station. 

[REPRESENTATIVE FIGURE] 

FIG 4 

25 

[INDEX] 

Transmit antenna array, Smart antenna, Blind, Semi-blind, Transmission beam 
formation, CDMA, Weight vector, Array vector, Forward fading power, Rake 
receiver, Feedback, Downlink Beam forming 

30 
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[TITLE OF THE INVENTIONI 

SEMI-BLIND TRANSMIT ANTENNA ARRAY DEVICE USING FEEDBACK 
INFORMATION AND METHOD THEREOF IN MOBILE 
5 COMMUNICATION SYSTEM 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG 1 is a view referred to for describing transmission beam formation 
10 in a general transmit antenna array; 

FIG 2 is a block diagram of a conventional transmit antenna array 
system suggested by Raleigh; 

FIG 3 is a block diagram of another conventional transmit antenna array 
system suggested by Thompson; 
1 5 FIG 4 is a block diagram of a transmit antenna array system in a mobile 

communication system according to the present invention; 

FIG 5 is a block diagram of an embodiment of the transmit antenna array 
system (a basic type) according to the present invention; 

FIG 6 is a block diagram of another embodiment of the transmit antenna 
20 array system (a prediction type) according to the present invention; 

FIG 7 is a block diagram of a third embodiment of the transmit antenna 
array system (a basic mixed type) according to the present invention; 

FIG 8 is a block diagram of a fourth embodiment of the transmit antenna 
array system (a prediction mixed type) according to the present invention; 
25 FIG 9 is a flowchart illustrating the whole operation of the transmit 

antenna array system according to the present invention; 

FIG 10 is a flowchart illustrating a forward fading power calculation 
procedure in the first embodiment of the transmit antenna array system according 
to the present invention; 
30 FIG 11 is a flowchart illustrating a forward fading power calculation 
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procedure in the second embodiment of the transmit antenna array system 
according to the present invention; 

FIG. 12 is a flowchart illustrating a forward fading power calculation 
procedure in the third embodiment of the transmit antenna array system 
5 according to the present invention; and 

FIG 13 is a flowchart illustrating a forward fading power calculation 
procedure in the fourth embodiment of the transmit antenna array system 
according to the present invention. 

10 [DETAILED DESCRIPTION OF THE INVENTIONl 
[OBJECT OF THE INVENTIONl 

[RELATED FILED AND PRIOR ART OF THE INVENTIONl 

The present invention relates generally to an antenna array device and a 
15 method thereof in a mobile communication system, and in particular, to a device 
and method for forming a transmission beam. 

As the number of mobile subscribers drastically increases, the capacity 
of the mobile communication systems is about to reach a saturation point. This 
20 means that the mobile communication systems have to beg for more advanced 
applications to increase the system capacity, particularly the capacity of a 
forward link for diverse multimedia services. 

The capacity of the forward link can be increased by designing an 
25 efficient transmit antenna array system. 

If the mobile systems use only single transmit antennas, for example 
dipole antennas, transmission signals are propagated in all directions. In this 
situation, transmission performance may be deteriorated when a base station 
30 transmits to a specific mobile station, say, on a dedicated channel. In other 
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words, the omnidirectional propagation of a signal from the base station makes 
much radiation energy except radiation energy for the mobile station useless and 
the unnecessary radiation energy becomes interference signals to other mobile 
stations. If the base station transmits a signal only in the direction toward the 
5 specific mobile station for communication on the dedicated channel, good 
communication quality is ensured with low transmission power and interference 
to other mobile stations is decreased. Consequently, the capacity of the forward 
link increases. 

10 This effect can be achieved using a plurality of antennas. A 

transmission/reception device related with the antennas is called a transmit 
antenna array system or transmit smart antenna system. While the transmit 
antenna array system is applicable to various mobile communication fields, it 
will be described here in context with CDMA cellular mobile communication for 

15 convenience sake. 

The structure and operation of a transmit antenna array in the mobile 
communication system will be described hereinbelow. 

20 FIG. 1 illustrates transmission beam formation in the transmit antenna 

array Referring to FIG. 1, let a transmission signal from a base station be s(t). 
The signal s(t) is duplicated into a plurality of identical signals, the duplication 
signals are multiplied by corresponding complex weights in multipliers 111 to 
11L, and the resulting signals are transmitted in the air through the respective 

25 antennas. A mobile station, using a single antenna, receives the sum of the 
transmission signals that the base station transmits through the antennas. A 
direction in which each transmission signal is directed is determined by a weight 
multiplied by the transmission signal and the geometrical structure of the 
transmit antenna array. The reason for assuming that a single antenna is used in 

30 the mobile station is that the mobile station does not typically use an antenna 
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array due to limitations of cost, size, and mobility. 

Suppose a linear antenna array has L antennas as shown in FIG. 1 and 
each antenna has a complex weight C0j (i = 1, 2, L), a signal transmitted in a 
5 direction 0 is proportional to 

w"a(0) 

(1) 

j2n — - — j2ti- . 

where w = [w ] w 2 ...w I ] is a weight vector, a{0) = [\e A ...e x ] is 
10 an array vector, H represents Hermitian, T represents transpose, d is the distance 
between antennas, and X is the wavelength of a carrier frequency. The array 
vector refers to the relative strength and phase of a signal transmitted from each 
antenna to a remote destination in the direction 0, as expressed in vectors. 

15 w^a^is greatest when w and a{6) are in the same direction and 

w H a{9) is 0 when w is at a right angle with a(9) . Therefore, the strength of a 
transmission signal varies according to the transmission direction 0. On the 
same principle, a signal can be transmitted with the greatest strength in a specific 
direction 0 by controlling w . 

20 

An antenna array is different from a diversity antenna device in that it 
transmits a signal in a particular direction. The distance between antennas 
(wavelength order length) is shorter in the antenna array than in the diversity 
antenna device. 

25 

In general, an antenna array is provided to a base station that can 
accommodate a plurality of antennas and controls a transmission/reception 
direction with respect to a mobile station with a single antenna. The antenna 
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array can be considered in two parts: a transmission antenna array and a 
reception antenna array. The transmission antenna array is taken here for 
description by way of example. Yet, the hardware of the antenna array is 
commonly used for transmission and reception. 

5 

A TDD (Time Division Duplex) system, since it uses an identical 
frequency band for transmission and reception, shows the same characteristics in 
transmission and reception and applies a weight vector obtained for a reception 
antenna array operation to a transmission antenna array operation as well. On 
10 the other hand, an FDD (Frequency Division Duplex) system calculates a weight 
vector separately for a transmission antenna array because a transmission 
frequency band is apart from a reception frequency band by a coherence 
bandwidth or greater. It is to be appreciated that the following description is 
made on a transmission antenna array system of an FDD system. 

15 

Blind transmission is characteristic of transmission antenna arrays that 
have been developed so far. The blind transmission refers to transmission 
without receiving any feedback information of the channel characteristics of a 
forward link from a mobile station. These transmission antennas operate based 
20 on the following reciprocity suppositions between transmission and reception 
channels. 

Supposition 1: a forward fading channel and a reverse fading channel 
arrive at their destinations from the same number of paths and transmission and 
25 reception occur in the same path. 

Supposition 2: if the difference between a transmission frequency band 
and a reception frequency band is greater than a coherence bandwidth in an FDD 
system, the forward and reverse channels have mutually independent instant 
30 fading coefficients but an identical average fading power for the same path. 
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Raleigh has suggested a blind transmit antenna array for a single fading 
path as shown in FIG. 2 (reference 1 : G. G. Raleigh and V. K. Johnes, "Adaptive 
Antenna Transmission for Frequency Duplex Digital Wireless Communication," 
5 in Proc. IEEE ICC, pp. 641-646, Montreal, Canada, June 1997). 

A channel vector refers to a collection of the vector-expressed 
characteristic of each antenna in a transmit antenna array with respect to a 
reception antenna. Let a forward channel vector be h . Then h = pa{6) . p 
10 is a fading coefficient independent of a reverse fading coefficient according to 
supposition 2, 0 is a transmission direction from a base station to a mobile station, 
which the base station knows from a reverse signal by supposition 1 without 
receiving forward fading feedback information from the mobile station, and a(0) 
is an array vector for the direction 0. 

15 

The base station transmits a transmission message s(t) by forming a 
beam with a weight vector w and the message s(t) arrives at the mobile station 
on a forward channel h . The received signal r(t) can be expressed by 

20 r(t) = h H w(t) + n{t) 

(2) 

where n(t) is additive Gaussian white noise (AGWN). 

According to a matching filter theory, an optimal weight vector that 
25 brings a maximal output SNR at a receiving end of the mobile station is 
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where P is the transmission power of the base station, * is a conjugate operator, 
and II is the norm of a corresponding vector. By applying the relationship of 

h = 0g0 toEq. 3, 



5 




From Eq. 4, it is noted that an optimal weight vector is set using only the 
transmission direction 0 known from a reverse signal by supposition 1 without a 
10 fading coefficient. Because a single path is assumed, not a fading coefficient 
but an array vector is just obtained. 

Now there will be given a description of the transmission antenna array 
suggested by Raleigh. Referring to FIG 2, a transmission message is 

15 propagated in the air via an antenna array 203 by a beam formed in a specific 
transmission direction in a transmission beam generator 202. A reverse 
processor 205 processes a reverse channel signal received via the antenna array 
203. An array vector calculator 207 calculates a direction (array vector) in 
which the input signal arrives from the intermediate output of the reverse 

20 processor 205. A weight vector calculator 209 calculates a weight vector using 
the array vector and outputs the array vector to the transmission beam generator 
202. The transmission beam generator 202 controls generation of a 
transmission beam by assigning a weight to a transmission signal that is to be 
output via a corresponding antenna based on the weight vector. 

25 

The above transmission antenna array system estimates the reception 
direction of a signal received via the antenna array 203, calculates a weight 
vector (array vector) for the transmission antenna array based on the estimated 
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direction information, and then forms a transmission beam using the weight 
vector, for transmission. 

Despite the advantage of simple structure, the Raleigh transmission 
5 antenna array using a single path is not feasible for a multi-path system. 

Thompson has suggested a blind transmission antenna array with a 
multi-fading path as shown in FIG 3 (reference 2: J. S. Thompson, J. E. Hudson, 
R M. Grant, and B. Mulgrew, "CDMA Downlink Beam forming for Frequency 
10 Selective Channels," PIMRC'99, B2-3, Osaka, Japan, September 1999). 

In the case of a multi-fading path (M paths), a reception direction for 
each path must be estimated from an input signal to form a forward transmission 
beam as is done in the case of a single path. If a reception direction (a 
15 transmission direction according to supposition 1) for an ith fading path (i = 1, 2, 
. . . , M) is 6j, a transmission beam for the ith fading path is formed in the direction 
ofe,. 

The issue is how to determine weights (different from weight vectors). 
20 Considering this issue, an optimal weight vector is determined in the following 
way. 

Assuming that the base station transmits a transmission message by 
forming a transmission beam with a weight vector w and it arrives at the mobile 
25 station from three different paths on a forward channel, a signal r(t) received at 
the mobile station can be expressed by 

= h\ T ™s(t - T\) + h/ ws(t-r 2 ) + h 2 T ws(t-r z ) 

(5) 
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where x x is a propagation delay for an ith path and h. is a channel vector for an 
ith path. Similarly to a single path, with respect to the transmission direction 0j 
and a fading coefficient (3j, h x is 



5 h^p^) 

(6) 

According to the matching filter theory, an optimal weight vector that 
brings a maximal output SNR at a receiving end of the mobile station is 

10 

w = arg™ x w H H H Hw subject to fluf - P 
where H = [h x h 2 h z ] 

(7) 

where P is transmission power, w° is an optimal weight vector, and A,,A 2 £ 3 are 

15 channel vectors for the paths. The solution of Eq. 7 is set as a maximal unique 
vector corresponding to the maximal unique value of a transmission correlation 

matrix H H H = j^fif aWM^)" ■ 



From the foregoing, it can be noted that the base station needs to know a 
20 fading coefficient {pj} as well as a transmission direction {9j} in order to achieve 
the optimal weight vector. On the contrary, the base station need not know a 
fading coefficient to form a transmission beam for a single fading path. In an 
FDD environment, the instant fading coefficient of a reverse channel is different 
from that of a forward channel. Thus, it is no use analyzing a received reverse 
25 signal to obtain the instant fading coefficient of the forward channel. 

By replacing H H H of Eq. 7 with an expectation E[H H H], Thompson 
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proposed a semi-optimal weight vector given by 

E[H"H] = Y, Ep^^M 0 ^ 

i-\ 

(8) 

5 

In Eq. 8, the transmission direction {0i} (the array vector is 
estimated from a received reverse signal according to supposition 1 and £[|/?,| 2 ] 
is also estimated from the received reverse signal according to supposition 2. 

10 This is blind beam formation without the need of receiving feedback 

information about a fading coefficient from a mobile station. However, the 
blind beam formation has a slightly lower performance than the non-blind beam 
formation using an optimal weight vector calculated by Eq. 7. 

15 FIG. 3 is a block diagram of the transmit antenna array device suggested 

by Thompson. Referring to FIG. 3, a transmission message is formed into a 
beam by a transmission beam generator 302 of a forward processor 301 and 
propagated in the air in a particular direction via an antenna array. A reverse 
processor 305 processes a reverse channel signal received via the antenna array 

20 303. A forward fading power calculator 307 estimates a fading coefficient of 
the received signal for each path from the intermediate output of the reverse 
processor 305 and calculates the average power of the estimated fading 
coefficients. The reverse average fading power is calculated based on 
supposition 2. An array vector calculator 309 calculates the input direction 

25 (array vector) of the received signal from the intermediate output of the reverse 
processor 305. A transmission correlation matrix calculator 311 obtains a 
transmission correlation matrix using the average fading power and the array 
vector and a weight vector calculator 313 calculates a weight vector using the 
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transmission correlation matrix. The transmission beam generator 302 assigns a 
weight to a transmission signal that will be output via a corresponding antenna 
according to the weight vector received from the weight vector calculator 313, to 
thereby control formation of the transmission beam. 

5 

According to the Thompson transmit antenna array system, a reception 
antenna array first estimates the input direction (array vector) of a received signal. 
Then, the reception antenna array estimates a fading coefficient of the received 
signal for each path and calculates the average power of the fading coefficients. 
10 Based on the direction information and the average fading power information, a 
weight vector for a transmission antenna array is calculated. Then, a 
transmission beam is formed using the weight vector and transmitted. 

While the Thompson antenna array structure can be used as a 
15 transmission antenna array system in a multi-path environment, the use of an 
average fading power makes it impossible to calculate a precise weight vector. 
That is, the average fading power is used in calculating a forward fading power 
instead of an instant fading power. The average fading power is calculated 
based on supposition 2. That is, a reverse average fading power is calculated 
20 from a received signal for use as an average forward fading power. The 
limitation of the Thompson antenna array in calculating a precise weight vector 
decreases the performance of the antenna array system. 

[SUBSTANTIAL MATTER OF THE INVENTION] 

25 

It is, therefore, an object of the present invention to provide a device and 
method for forming a transmission beam by calculating an optimal weight vector 
based on forward fading information feedback from a mobile station in a base 
station using a forward antenna array in a mobile communication system. 

30 



- 12- 



2000-11617 



It is also an object of the present invention to provide a device and 
method for estimating forward fading information from a signal received on a 
forward channel and transmitting the forward fading information to a base station 
on a reverse channel in a mobile station of a mobile communication system using 
5 an antenna array. 

It is another object of the present invention to provide a transmit antenna 
array device and a method thereof suitable for a mobile communication system 
where a feedback delay time is short and a mobile station roams at a movement 
10 speed that is not greatly changed. 

It is a further object of the present invention to provide a transmit 
antenna array device and a method thereof in which a current forward fading 
coefficient is estimated from previous forward fading information fed back from 
15 a mobile station in a mobile communication system where a feed back delay time 
is great and the mobile station roams at a movement speed that is not greatly 
changed. 

It is still another object of the present invention to provide a transmit 
20 antenna array device using a mixed forward beam formation scheme where a 
basic type and a blind forward beam formation type are selectively used 
according to the movement speed of a mobile station and a method thereof when 
a feedback delay time is short in a mobile station with multiple signal paths. 

25 It is yet another object of the present invention to provide an antenna 

array device using a mixed forward beam formation scheme where a prediction 
type and a blind forward beam formation type are selectively used according to 
the movement speed of a mobile station and a method thereof when a feedback 
delay time is rather long in a mobile station with multiple signal paths. 

30 
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The foregoing and other objects of the present invention are achieved by 
a transmit antenna array device with at least two antennas and a method thereof 
in which a transmission beam is formed appropriately based on a weight vector 
to be transmitted to a specific mobile station in a mobile communication system. 
5 For this purpose, a base station device has a reverse processor for processing a 
reverse signal received through the antenna array, a forward fading information 
extraction unit for extracting forward fading information from the received 
reverse signal, a beam formation controller for generating a weight vector for 
formation of a transmission beam using the forward fading information and the 

10 received reverse signal, and a forward processor having a transmission beam 
generator for generating a transmission beam for a transmission message based 
on the weight vector. A mobile station device has a forward processor for 
processing a received forward signal, a forward fading estimator for estimating 
forward fading information of the forward signal for each path, a forwarding 

15 fading encoder for combining the estimated forward fading information and 
encoding the combined forward fading information, and a reverse processor for 
multiplexing the encoded forward fading information with a transmission 
message and feeding back the forward fading information in the multiplexed 
signal to a base station. 

20 

[CONSTRUCTIION AND OPERATION OF THE PRESENT INVENTION] 

Preferred embodiments of the present invention will be described 
hereinbelow with reference to the accompanying drawings. In the following 
25 description, well-known functions or constructions are not described in detail 
since they would obscure the invention in unnecessary detail. 

The present invention uses an instant forward fading coefficient instead 
of an average reverse fading coefficient in order to form a forward beam with 
30 improved performance as compared to the conventional antenna arrays systems. 
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Since a base station being a transmitting side does not know the forward fading 
coefficient in advance, the forward fading coefficient is fed back on a reverse 
channel to the base station from a mobile station. The reverse channel may be 
an existing reverse channel or a separately designated reverse channel. If an 
5 existing reverse channel transmits the forward fading coefficient, it may be a 
control channel. Then, a control channel message can be re-formatted to 
include the forward fading coefficient. 

While the conventional antenna array systems using an average reverse 
10 fading coefficient relies on blind beam formation, an antenna array system 
according to the present invention is a semi-blind beam formation scheme in that 
a base station receives feedback information about a forward fading coefficient 
from a mobile station. 

15 The transmit antenna array system of the present invention relying on 

semi-blind beam formation will be described below. 

Assuming that a fading channel is propagated in M different paths 
between a base station and a specific mobile station and the base station transmits 
20 a transmission message s(t) to the mobile station using a transmit antenna array 
including L antennas, a signal r(t) received at the mobile station is 

M 

K0 =2> r ™y('-r,.) + «(0 

i=l 

(9) 

25 where w is a weight vector assigned to the transmit antenna array, n(t) is 
AGWN, Tj is a propagation delay for an ith path, and A ( . is a channel vector for 
the ith path, given by 
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(10) 

As noted from Eq. 10, the channel vector h t is a function of a fading 
5 coefficient p i( a transmission direction 0 i5 and an array vector a(0,) for the ith 
path. 

The signal r(t) received at the mobile station on a forward channel can be 
divided into path components by a path divider and a collection of the path 
10 components r is expressed as 





h { T ws(t - 7,) 






r = 


h 2 T m(t-r 2 ) 


+ 






h/ ws(t - r 3 ) 




3. 



= Hws + n 



(ii) 

15 In Eq. 11, H = [h x ,h 2 ...h M ] T , n=[n„n 2 ...n u f , and 

s(t-T i ) = s(t-r 2 ) = --- = s(t-T M ) . Here, ^-r,), s(t-r 2 ), s(t-T M )are 
termed s. It is assumed that the length of a symbol in the received message is 
greater than any path delay. 

20 Applying a matching filter theory to Eq. 11, a determination variable, a 

matching filter output is given by 

s = (HW) H r 

= w"H"Hws + w"H"Hn 

(12) 
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and an SNR for the determination variable is 



w"H"Hw 

r = = — r-= 

(13) 

5 where <r n 2 is the power of the AGWN. 

The optimal weight vector w maximizes the SNR of the matching filter 
output at a receiver on the assumption that the transmission power is P. From 
the foregoing, a transmission correlation matrix can be obtained by 

10 

G = H"H 

= IlA| 2 ^,) w 

04) 



Therefore, calculation of the optimal weight vector falls into calculation 
15 of a maximal unique vector corresponding to a maximal unique value of the 
above transmission correlation matrix in the end. 

The transmission direction 9j, that is, the transmission array vector 
in Eq. 14 is known by estimating the reception direction of an input signal 
20 according to supposition 1 in the base station. However, information about the 
forward fading coefficient p i5 that is, the forward fading power |/?.| 2 cannot be 
obtained from the input signal but fed back from the mobile station on a revere 
channel. 

25 In the present invention, the base station receives feedback information 

about a forward fading coefficient calculated by the mobile station on a 
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separately designated reverse channel. By the forward fading coefficient, the 
base station forms the transmission correlation matrix G of Eq. 14 and calculates 
the maximal unique vector of the transmission correlation matrix Q so that it 
calculates a weight vector for use in forming an intended forward beam. 

5 

To reduce the feedback constraint of the mobile station by half, the base 
station may receive information about fading severity or fading power in a real 
value instead of a fading coefficient in a complex value from the mobile station. 
While the present invention is described in context with formation of a 
10 transmission beam based on feedback information of a fading coefficient, the 
same effect can be achieved by receiving the fading severity or fading power. 

The mobile station estimates an input signal component for each path 
through a path divider and a fading estimator as in Eq. 11. If noise components 
15 are excluded from Eq. 1 1 for convenience sake, 

(15) 

20 The fading estimator functions to estimate not the forward fading 

coefficient itself but the product of the forward fading coefficient, the array 
vector, and the weight vector as shown in Eq. 15. Although it is ideal that the 
mobile station transmits the forward fading coefficient only on a reverse fading 
channel, the base station receives information including the forward fading 

25 coefficient, the array vector, and weights in reality. Hereinbelow, the 
information including the forward fading coefficient, the array vector, and the 
weights will be referred to as "fading information". The forward fading 
coefficient can be replaced by a forward fading severity. The following 
description is made on calculation of a weight vector using a forward fading 
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coefficient. Therefore, the fading estimator in the base station must extract only 
the forward fading coefficient pi from the feedback information received from 
the mobile station. 

5 The forward fading coefficient is extracted by two methods. 

One is to use an ominidirectional beam with aiO^w independent of 0, 
as a transmission beam so that an estimated value of the fading estimator 
becomes a function of the forward fading coefficient pi only. The mobile 
10 station may feed back this value on a separately designated reverse channel. 

The other method is to extract the forward fading coefficient pj using a 
known weight vector w used in transmitting a forward signal to the mobile 
station and Q\ estimable from a received signal by simple arithmetic operation in 
15 the base station, upon receipt of feedback information of an estimated input 
signal component for each path, {/? ( a(#,) r w} on a specific reverse channel from 
the mobile station. 

A time delay may be involved in feeding back the forward fading 
20 coefficient Pj. If a time delay as long as a unit time D, for example a slot 
exists between the mobile station and the base station, a current forward fading 
coefficient must be estimated inevitably from previously fed back forward fading 
coefficients. This problem can be overcome by linear prediction. 

25 Now there will be given a description of the linear prediction for 

estimating a forward feedback coefficient received with a time delay. 
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W] = ! ZbJ l [k-D-v] 

(16) 

where if a definition is given as b = [b 0 ,b l --b y _ l ] T and 
fi = [P,[k-D]0 l [k-D-l]~ -fi,[k -D-V + l]] T , the coefficient vector b is 

5 

b = R' l P 

07) 

according to the linear prediction method. 

10 In Eq. 17, R = E[flj3 H ] and £ = A correlation coefficient 

between delayed fading coefficients, needed to calculate Eq. 17 is calculated by 

*[A [k]P-[k -u]] = a/J 0 (27tf D Tu) 

(18) 

15 where a/ = £[|/? ( | 2 ] , f D is a Doppler frequency, J 0 (-) is a Bessel function of the 
first kind of order zero, and T is the length of a unit time. 

If the base station receives feedback information of a fading severity 
being a real value instead of a fading coefficient being a complex value from the 
20 mobile station, the above procedure should be partially modified. If |/?,[*]| is a 

forward fading severity for an ith path at a kth time point (the present time point), 
it is estimated by a linear combination of V fading severities fed back from the 
mobile station before the unit time D, , \PXk-D-\\ , 

25 

However, the above procedure is not applicable because the average of 
the forward fading severities is not zero. A zero-average forward fading 
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severity can be defined as 

(19) 

5 and is estimated by a linear combination of S^k-D], S^k-D-l], 

S\k-D-V + \]. 

Pi[k] =Y J d v S i [k-D-v] + E[\/3 i \] 

(20) 

10 where if d=[d 0 d r ~d y _ } ] T and 8 ^[8,[k-D][8 { [k-D-\]--[8-[k-D-V + \] T , 
the coefficient vector d is calculated by 

d = R~ l p 

(21) 

15 according to the linear prediction method. 

In Eq. 21, R = E[88 T ] and p = E[8 i [k]8], A correlation coefficient 

between delayed zero-average fading coefficients, needed to calculate Eq. 21 is 
calculated by 

20 

E[8 i [k]8:[k-u]] = a s 2 J 0 (2nf D Tu) 

(22) 

where a s 2 = i?^) 2 ], f D is a Doppler frequency, J 0 (-) is a Bessel function of the 
first kind of order zero, and T is the length of a unit time. E[p t ] is obtained by 
25 time-averaging forward fading severity sample values for each path. 

As the mobile station travels at a higher speed, the Doppler frequency 
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increases and channel characteristics are fast changed. As a result, the 
reliability of the present forward fading coefficient estimated by the linear 
prediction is decreased and the whole system performance is deteriorated. In 
this case, the whole system performance may become better by using an average 
5 reverse channel fading coefficient based on blind transmission rather than the 
current forward fading coefficient based on linear prediction. That is, a Doppler 
frequency threshold is set and the linear prediction method is selected at or below 
the threshold and the blind transmission method, above the threshold. The 
selective use of the linear prediction method and the blind transmission method is 
10 called a mixed method. 

Formation of a transmission beam can be implemented in four 
embodiments according to time delay and channel changes. 

1 5 The four embodiments of the present invention are termed a basic type, a 

prediction type, a basic mixed type, and a prediction mixed type, respectively. 
Commonly in the four embodiments, a mobile station feeds back forward fading 
information to a base station and the base station generates a weight vector based 
on the forward fading feedback information to efficiently form a transmission 

20 beam. The four embodiments are very similar in structure and operation but 
they differ in the essence of a transmission beam formation algorithm, the 
configuration of a transmission correlation matrix. 

FIG. 4 is a block diagram of a transmit antenna array system for a base 
25 station in a mobile communication system according to the present invention. A 
mobile station is also shown in the drawing. The transmit antenna array system 
receives a forward fading coefficient from the mobile station and calculates an 
optimal weight vector based on the forward fading coefficient to efficiently form 
a transmission beam. The mobile station, after receiving a forward signal from 
30 the base station, estimates the forward fading coefficient and transmits it to the 
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base station on a predetermined reverse channel. A forward fading severity can 
be used instead of the forward fading coefficient. FIG. 9 is a flowchart 
illustrating an operation between the base station and the mobile station shown in 
FIG. 4. 

5 

Referring to FIG. 4, the base station is comprised of a forward processor 
400, an antenna array 405, a reverse processor 410, a forward fading information 
extraction unit 421, and a beam formation controller 420. 

10 The forward processor 400 subjects a transmission signal to encoding 

and modulation and upconverts the frequency of the modulated signal to an RF 
signal. A transmission beam generator 403 forms a beam for the forward 
transmission signal. The forward processor 400 includes an encoder 401, a 
modulator 402, the transmission beam generator 403, and an RF module 404. 

15 

The antenna array 405 includes L antennas and propagates a beam in a 
direction determined by the transmission beam generator 403 of the forward 
processor 400. 

20 The reverse processor 410 subjects an RF signal received via the antenna 

array 405 to downconversion, demodulation, and decoding. The reverse 
processor 410 includes an RF module 411, a rake receiver 412 with M fingers, a 
path divider, and a path combiner, and a decoder 413. 

25 The forward fading information extraction unit 421 functions to extract a 

forward fading coefficient from the fading information of a signal received from 
the rake receiver 412 of the reverse processor 410. Here, a forward fading 
severity may be included in the fading information instead of the forward fading 
coefficient. 

30 
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The beam generation controller 420 receives the forward fading 
coefficient from the forward fading information extraction unit 421 and the 
intermediate output of the rake receiver 412 and generates a weight vector to 
control formation of the transmission beam. The beam formation controller 420 
5 has a forward fading power calculator 422, an array vector calculator 423, a 
transmission correlation matrix calculator 424, and a weight vector calculator 
425. As many forward fading power calculators 422 and array vector 
calculators 423 as signal paths must be provided. Therefore, it is desirable to 
configure the forward fading power calculator 422 and the array vector 
10 calculators 423 corresponding to the respective fingers of the rake receiver 412. 
The beam formation controller 420 varies in the four embodiments of the present 
invention. 

A reception beam generator (not shown) is disposed before or after a 
15 demodulator in each finger of the rake receiver 412. The demodulator 402 may 
be exchanged with the transmission beam generator 403 in position within the 
forward processor 400. Since the embodiments of the present invention are 
implemented on the same principle, the present invention should be considered to 
incorporate the above possibilities therein. 

20 

The transmit antenna array system of the base station controls formation 
of a transmission beam according to forward fading information fed back from 
the mobile station. To allow for this operation, the mobile station receives a 
forward link signal from the base station, estimates the forward fading 
25 information, and feeds back the estimated fading information the base station, 
which will be described referring to FIG. 4. 

An antenna array system is not commonplace in mobile stations. 
Therefore, the mobile station shown in FIG. 4 uses a single antenna 431. 

30 
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A forward processor 430 in the mobile station processes a signal received 
from the base station on a forward link. The forward processor 430 includes an 
RF module 432, a rake receiver 433 with M fingers, a path divider, and a path 
combiner, and a decoder 434. 

5 

A reverse processor 440 subjects a transmission signal to encoding and 
modulation and transmits a modulated signal to the base station on a reverse 
channel. The reverse processor 440 includes an encoder 441, a multiplexer 442, 
a modulator 443, and an RF module 444. 

10 

A forward processor 450 estimates forward fading information from the 
received forward link signal, encodes the estimated forward fading information, 
and feeds back the encoded forward fading information on a particular reverse 
channel. The forward processor 450 includes a forward fading estimator 451 

1 5 and a forward fading encoder 452. Here, "fading information" estimated by the 
forward fading estimator 451 refers to information containing a weight vector 
and an array vector for beam formation as well as a fading coefficient for a multi- 
path fading channel. As shown in Eq. 15, the fading information contains the 
forward fading coefficient Pi, the array vector a(0.) , and the weight vv. This 

20 is the difference between the fading information of the present invention and 
fading information conventionally used in the case that a smart antenna is not 
employed. 

The forward processors 400 and 430 and the reverse processors 410 and 
25 440 except the transmission beam generator 403 are the same in structure as the 
counterparts used in a general CDMA communication system. 

Upon receipt of a transmission message through the encoder 401 and the 
modulator 402 in the base station, the transmission beam generator 403 forms a 
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transmission beam with use of an appropriate initial weight vector w[0] 
received from the weight vector calculator 425. The transmission beam is 
radiated into the air via the RF module 404 and the antenna array 405. 

5 The mobile station receives the forward signal via the single antenna 43 1 

and the RF module 432, divides, demodulates, and combines the forward signal 
according to the paths in the rake receiver 433, and recovers a received message 
in the decoder 434. 

10 The forward signal received at the mobile station is given as Eq. 9. The 

channel vector h i for each path in Eq. 9 includes information about a forward 

fading coefficient and an array vector as shown in Eq. 10. Therefore, forward 
fading information estimated by the forward fading estimator 451 includes a 
forward fading coefficient, an array vector, and a weight as shown in Eq. 15. 

15 Since what the base station needs is p j5 the forward fading estimator 451 may 
extract only the forward fading coefficient from the fading information and 
transmits it. Or the forward fading estimator 451 may estimate a forward fading 
severity being a real value instead of the forward fading coefficient being a 
complex value. The forward fading coefficient facilitates linear prediction, 

20 whereas feedback of the estimated forward fading coefficient to the base station 
is a constraint to the mobile station. On the other hand, despite the advantage of 
a relatively small feedback constraint, the forward fading severity makes the 
linear prediction quite complicated. Accordingly, the forward fading coefficient 
or the forward fading severity can be selected adaptively to the situation. 

25 

The forward fading encoder 452 encodes the estimated forward fading 
information and feeds the encoded signal to the multiplexer 442. The encoded 
forward fading information may be transmitted on a reverse link channel 
separately designated or it may be inserted into a modified control channel frame 
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and transmitted on an existing control channel. 

In operation, the forward fading estimator 451 in the mobile station 
estimates a fading coefficient for each path from a forward signal received from 
5 the rake receiver 433. The forward fading encoder 452 collects all forward 
fading information and encodes the forward fading information. The 
multiplexer 442 multiplexes the encoded forward fading information with an 
encoded transmission message and the resulting signal is radiated into the air via 
the modulator 443, the RF module 444, and the single antenna 43 L 

10 

Though the mobile station returns to a reception mode, transmission and 
reception are virtually concurrent in the mobile station and the above procedure 
is repeated. It is assumed here that a delay of a unit time D (usually a slot) is 
involved between forward transmission and reverse transmission. 

15 

The base station receives the reverse signal via the antenna array 405 and 
the RF module 411 and subjects the received reverse signal to demodulation and 
decoding through the rake receiver 412 and the decoder 413. During this 
operation, a reverse beam generator in the rake receiver generates a reverse beam, 
20 which will not be described here. 

The beam formation controller 420 of the base station calculates weight 
vectors for formation of a next transmission beam. The following procedure is 
common to the first and four embodiments of the present invention. 

25 

The forward fading information extraction unit 421 extracts forward 
fading feedback information from the intermediate output of the rake receiver 
412. The forward power calculator 422 calculates a forward fading power {p ; } 
for each path based on the extracted forward fading information and reverse 
30 fading information for each path and Doppler frequency information obtained 



-27- 



2000-11617 



during processing the reverse signal in the rake receiver 412. Simultaneously, 
the array vector calculator 423 calculates an array vector {a(0.)}for each path 
based on information about reception directions obtained during the reverse 
signal processing in the rake receiver 412. 

5 

The transmission correlation calculator 424 calculates a transmission 

M 

correlation matrix G = X A " using the forward fading powers {pi} 

and the array vectors {£(#,)}. The weight vector calculator 425 calculates a 
maximal unique vector of the transmission correlation matrix, normalizes it, and 
10 sets the normalized maximal unique vector as a weight vector vwfe to the 
transmission beam generator 403 for the next transmission. 

The forward processor 400 encodes and modulates a transmission 
message through the encoder 401 and the modulator 402. The transmission 
15 beam generator 403 forms a transmission beam according to the weight vector 
received from the weight vector calculator 403 to transmit the modulated 
transmission message. The transmission beam is upconverted in the RF module 
404 and radiates into the air via the antenna array 405. 

20 Though the base station returns to a reception mode, transmission and 

reception are concurrent in the base station and the above operation repeats. 

FIG. 9 is a flowchart illustrating the operations of the base station and the 
mobile station shown in FIG. 4. 

25 

Referring to FIG. 9, the base station sets a time point and a weight vector 
to initial values (k=0 and w[0]) in step 601 and the mobile station is also 
initialized in step 65 1 . 
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In steps 603 and 605, the base station encodes and modulates a 
transmission message through the forward processor 400, forms a transmission 
beam based on the weight vector, and transmits the transmission beam on a 
5 forward link. In steps 607 to 6 1 1 , the base station increases the time point k and 
waits for the unit time D until it received a receiver signal. During awaiting 
receipt of the reverse signal, the base station performs other operations. 

Upon receipt of the forward signal in step 653, the mobile station 
10 separates the paths from which the forward signal arrives through the forward 
processor 430. In steps 657 to 661, the mobile station demodulates the forward 
signal for each path and combines the demodulated signals through the forward 
processor 430 and decodes the combined signal, thereby recovering a received 
message. In steps 663 to 669, the mobile station estimates forward fading 
15 information for each path, encodes the estimated forward fading information, and 
transmits the encoded forward fading information on a reverse channel through 
the reverse processor. Then, the mobile station returns to step 653 to await 
receipt of a next forward signal. 

20 Upon receipt of the reverse signal in step 61 1, the base station separates 

the paths from which the reverse signal arrives through the reverse processor 410 
in step 613. In step 621, the base station controls the forward fading power 
calculator 422 to select one of the four embodiments for generation of a weight 
vector. The base station controls the array vector calculator 423 to estimate an 

25 array vector for each path in step 615. 

Selection of the embodiments of the present invention depends on the 
length of the feedback delay time D and the movement speed of the mobile 
station. If the feedback delay time D is relatively short and the mobile station 
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travels at a low speed, a forward fading power is calculated by choosing the first 
embodiment of the present invention, a basic type in step 623. 

If the feedback delay time D is long and the mobile station travels at a 
5 low speed, the forward fading power is calculated by choosing the second 
embodiment fo the present invention, a prediction type. 

If the movement speed of the mobile station exceeds a threshold, use of 
the basic type or the prediction type may deteriorate performance drastically. In 

10 this case, a blind forward beam formation method can be a desirable candidate. 
Therefore, the third embodiment (a basic mixed type) or the fourth embodiment 
(a prediction mixed type) can be selectively used according to the movement 
speed of the mobile station. In the basic mixed type, a choice made between the 
basic type and the blind forward beam formation method, and in the prediction 

15 mixed type, a choice is made between the prediction type and the blind forward 
beam formation method. In step 627, the forward fading power is calculated in 
a selected type according to the third embodiment of the present invention and, in 
step 629 it is calculated in a selected type according to the fourth embodiment of 
the present invention. 

20 

There will be given a detailed description of the operation of calculating 
the forward fading power pj for each path according to the first to fourth 
embodiments of the present invention. 

25 After the array vector and forward fading power for each path are 

calculated, a transmission correlation matrix G is calculated in step 631. In step 
633, a maximal unique vector of the transmission correlation matrix G is 
calculated and normalized, thereby updating the weight vector for use in forming 
a transmission beam that transmits a next transmission message. 

30 



-30- 



2000-11617 



The mobile station estimates the forward fading information and feeds 
back it to the base station. Then, the base station generates a weight vector by 
estimating the forward fading information, a reverse fading power, and a Doppler 
frequency received on a reverse link and forms a transmission beam based on the 
5 weight vector. For formation of the transmission beam, the forward fading 
power calculator 422 operates according to one of the first to fourth 
embodiments according to the feedback delay time D and the movement speed of 
the mobile station. 



1 0 First Embodiment (Basic Type) 

A transmit antenna array system according to the first embodiment of the 
present invention is used when the feedback delay time D is 0 or relatively short 
and the mobile station travels at a low speed. This transmit antenna array 
system is referred to as a basic type. FIG. 5 is a block diagram of the transmit 

15 antenna array system according to the first embodiment and FIG. 10 is a 
flowchart illustrating a forward fading power calculating operation according to 
the first embodiment. 



Referring to FIGs. 5 and 10, the path divider 501 of the rake receiver 412 
20 separates a reverse signal for each path, the demodulator 502 in each finger 
demodulates the reverse signal for each path, and the path combiner 503 
combines all finger outputs appropriately in steps 711 and 713. In step 719, the 
decoder 413 decodes the combined signal, thereby recovering a received message. 

25 Meanwhile, a forward fading decoder 511 obtains forward fading 

information that was received from the mobile station with a delay of the unit 

time D, {J3 { F [k-D]^)" w} or {fi t F [k- D]a(0.) h >v|} and a forward fading 

extractor 512 extracts a forward fading coefficient P^k-D] or 

from the forward fading information in step 715. Here, {£(#,)" vv} is a value 
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that the base station can know in advance, F represents forward, k is the current 
time point, and i is a path index (i = 1, M). In step 717, the base station 
regards the forward fading coefficient PXk-D] or |/?.[*-Z)]| as received at 
the current time point despite the time delay of D and each power calculator 509 
5 calculates forward fading power {/?,. } = { for each path. 

Each array vector calculator 423 calculates an array vector from the 
reverse signal received from the demodulator 502. Then the transmission 
correlation matrix calculator 424 calculates a transmission correlation matrix G 
10 using the forward fading powers and the array vectors. The weight vector 
calculator 425 calculates a maximal unique vector from the transmission 
correlation matrix G, normalizes it, and sets the normalized maximal unique 
vector as a weight vector w[k] for transmission at the next time point. 



1 5 Second Embodiment (Prediction type) 

When the feedback delay time D is rather long, the prediction type can 
be used which has a means for predicting the current forward fading coefficient 
from previous feedback forward fading information. A transmit antenna array 
system according to the second embodiment of the present invention is shown in 

20 FIG. 6 and its operation is illustrated in FIG. 11. While any predictor may be 
used with the same effect for this transmit antenna array system, it is assumed 
that a linear predictor is provided. 



Referring to FIGs. 6 and 11, the path divider 501 of the rake receiver 412 
25 separates a reverse signal for each path, the demodulator 502 in each finger 
demodulates a corresponding reverse signal, and the path combiner 503 
combines all finger outputs appropriately in steps 811 and 813. In step 821, the 
decoder 413 decodes the combined signal, thereby recovering a received message. 
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Meanwhile, the forward fading decoder 511 obtains forward fading 
information received from the mobile station with a delay of the unit time D, 
{pf[k-D]&{Gi) H yb or ^[k-D^B^ and the forward fading extractor 
512 extracts a forward fading coefficient fi^k-D] or \p i [k-D\ from the 
5 forward fading information in step 815. The extracted forward fading 
coefficient is stored in a memory 513. 

The previous forward fading information is read from the memory 513. 
From the previous forward fading information are formed a group of V delayed 
10 forward fading coefficients {p t F [k-D],fi t F [k-D-ll-.fifik-D-V + 1]} or 
^[k-Dlp^k-D-lV^P^k^D-V^^ 

In step 817, each reverse fading estimator 506 estimates a reverse fading 
coefficient {/?.* } for each path, each average power calculator 507 calculates an 

1 5 average power of the reverse fading coefficients {E^fi* } for each path, and each 
Doppler frequency estimator 505 estimates a Doppler frequency {f Di } for each 
path. 

In step 819, each current forward fading estimator 508 receives the 
20 forward fading coefficient, and the average reverse fading power and the Doppler 
frequency obtained by reverse fading estimation for each path and estimates a 
current forward fading for each path, and each power calculator 509 calculates 
forward fading power for each path. The current forward fading estimator 508 
forms the group of V delayed forward fading coefficients 
25 [pflk-Dl/iflk-D-ll-'-ipflk-D-V + l]} or the group of V delayed 
forward fading severities ^'[k- Dlfi'lk-D-^'-^^k-D-V ^\]\} from 
the previous forward fading information read from the memory 513. 
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In the case of the forward fading coefficient group, the current forward 
fading estimator 508 estimates the current forward fading coefficient {/? f F [£]|} 

using {^[k-Dlfi'lk-D-ll-.-^fik-D-V + l)}, {fytf}, and ifoj) for 

5 a corresponding path by the linear prediction method shown in Eq. 16, Eq. 17, 
and Eq. 18. On the other hand, in the case of the forward fading severity group, 
the current forward fading estimator 508 estimates the current forward fading 

severity {|/?/[*]|} using {fiflk-Dlfiflk-D-ll—^flk-D-V + l]} , 

2 

{E fi. H } , and {f Di } for a corresponding path by the linear prediction method 
1 0 shown in Eq. 20, Eq. 2 1 , and Eq. 22. 



The power calculator 509 calculates a forward fading power 

2 

{Pi) = {fii F } f° r the corresponding path based on the forward fading coefficient. 



15 The array vector calculator 423 calculates an array vector from the 

reverse signal of the corresponding path received from the demodulator 502. 
Then the transmission correlation matrix calculator 424 calculates a transmission 
correlation matrix G using the forward fading powers and the array vectors. 
The weight vector calculator 425 calculates a maximal unique vector from the 

20 transmission correlation matrix G, normalizes it, and sets the normalized maximal 
unique vector as a weight vector w[k] for transmission at the next time point. 

Third Embodiment (Basic Mixed Type) 

When the feedback delay time D is 0 or relatively short, the first 
25 embodiment shows good performance until the movement speed of the mobile 
station reaches a threshold. However, once the mobile station travels at a speed 
over the threshold, the performance drastically decreases. To overcome this 
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problem, the blind forward beam formation method can be used when it is 
determined that the mobile station travels at a speed over the threshold. In the 
third embodiment, the basic type and the blind forward beam formation method 
are selectively used according to the movement speed of the mobile station. 
5 This scheme is referred to as a basic mixed forward beam formation method. 

FIG. 7 is a block diagram of a transmit antenna array system according to 
the third embodiment of the present invention and FIG. 12 is a flowchart 
illustrating the operation of a forward fading power calculator in the transmit 
1 0 antenna array system according to the third embodiment of the present invention. 

Referring to FIGs. 7 and 12, the path divider 501 of the rake receiver 412 
separates a reverse signal for each path, the demodulator 502 in each finger 
demodulates a reverse signal, and the path combiner 503 combines all finger 
15 outputs appropriately in steps 911 and 913. In step 927, the decoder 413 
decodes the combined signal, thereby recovering a received message. 

Meanwhile, the forward fading decoder 511 obtains forward fading 
information received from the mobile station with a delay of the unit time D, 
20 {# F or {Pfik-Dtefy)"^ and the forward fading extractor 

512 extracts a forward fading coefficient fitf-D] or )/?,.[£ from the 
forward fading information in step 915. Here, {a(0;) H w} is a value that the 
base station can know in advance, F represents forward, k is the current time 
point, and i is a path index (i = 1, M). In step 917, the base station regards 
25 the forward fading coefficient P t [k-D] or \^[k-D]\ as received at the current 
time point despite the time delay of D and each power calculator 509 calculates a 
forward fading power { 0 t F 2 } for each path. 
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Simultaneously, each reverse fading estimator 506 estimates a reverse 
fading coefficient for each path from a reverse signal received from the 
demodulator 502, each average power calculator 507 calculates an average 

12 
p* } for each path, and each Doppler frequency 

5 estimator 505 estimates a Doppler frequency for each path in step 919. 



In step 921, a selector 510 selects {pf } or | } based on the 

Doppler frequency. Specifically, if the Doppler frequency is less than a 
predetermined threshold, it is determined that the mobility of the mobile station 

10 is low in step 921 and the forward fading power {p. } is selected in step 923. 

On the other hand, if the Doppler frequency is greater than the threshold, it is 
determined that the mobility of the mobile station is high in step 921 and the 

2 

average reverse fading power {E p* } is selected and output as {pi} in step 
925. 

15 

Each array vector calculator 423 calculates an array vector from the 
reverse signal of each path received from the demodulator 502. Then the 
transmission correlation matrix calculator 424 calculates a transmission 
correlation matrix G using the forward fading powers and the array vectors. 
20 The weight vector calculator 425 calculates a maximal unique vector from the 
transmission correlation matrix G, normalizes it, and sets the normalized maximal 
unique vector as a weight vector w[k] for transmission at the next time point. 



Fourth Embodiment (Prediction mixed Type) 
25 When the feedback delay time D is rather long, the second embodiment 

shows good performance until the movement speed of the mobile station reaches 
a threshold. However, once the mobile station travels at a speed over the 
threshold, the performance drastically decreases. To overcome this problem, 
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the blind forward beam formation method can be used when it is determined that 
the mobile station travels at a speed over the threshold. In the fourth 
embodiment, the prediction type and the blind forward beam formation method 
are selectively used according to the movement speed of the mobile station. 
5 This scheme is referred to as a prediction mixed forward beam formation method. 

FIG. 8 is a block diagram of a transmit antenna array system according to 
the fourth embodiment of the present invention and FIG. 13 is a flowchart 
illustrating the operation of a forward fading power calculator in the transmit 
10 antenna array system according to the fourth embodiment of the present 
invention. 

Referring to FIGs. 8 and 13, the path divider 501 of the rake receiver 412 
separates a reverse signal for each path, the demodulator 502 in each finger 
15 demodulates a corresponding reverse signal, and the path combiner 503 
combines all finger outputs appropriately in steps 1011 and 1012. In step 1027, 
the decoder 413 decodes the combined signal, thereby recovering a received 
message. 

20 Meanwhile, the forward fading decoder 511 obtains forward fading 

information received from the mobile station with a delay of the unit time D, 

{fif [k - D]a{O i ) H w} or {fi f F [k- ^M^)"^} and the forward fading extractor 

512 extracts a forward fading coefficient p^k-D] or from the 

forward fading information in step 1013. The extracted forward fading 
25 coefficient is stored in the memory 513. 

Simultaneously, each reverse fading estimator 506 estimates a reverse 
fading coefficient {/?,*} for each path from a reverse signal received from the 
demodulator 502, each average power calculator 507 calculates an average 
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R 1 

reverse fading power {Ew i } for each path, and each Doppler frequency 
estimator 505 estimates a Doppler frequency {f Di } for each path in step 1015. 

In step 1017, each current forward fading estimator 508 receives the 
5 forward fading coefficient, the average reverse fading power, the Doppler 
frequency and estimates a current forward fading for each path. That is, each 
current forward fading estimator 508 reads the previous forward fading 
information from the memory 513 and forms a group of V delayed forward 
fading coefficients {/?, r [& - D] 9 P, F [k -D- 1],* • - , - - F + 1]} or a group of 
10 V delayed forward fading severities 

{ pf [k - D], pfik-D-ll-^pflk-D-V + \]} from the previous forward 
fading information. 

In the case of the forward fading coefficient group, the current forward 
15 fading estimator 508 estimates the current forward fading coefficient 

using [pflk-Dlpfik-D-ll-.^pflk-D-V + l]}, {Z^/f h and for 

the corresponding path by the linear prediction method shown in Eq. 16, Eq. 17, 
and Eq. 18. On the other hand, in the case of the forward fading severity group, 
the current forward fading estimator 508 estimates the current forward fading 
20 severity using {p'lk-DlP^k- D-ll-^pfik-D-V + 1]} , 

2 

{E p* } , and {f Di } for a corresponding path by the linear prediction method 
shown in Eq. 20, Eq. 21, and Eq. 22. 

F 2 

Each power calculator 509 calculates a forward fading power {/?,. } 
25 for each path based on the forward fading coefficient. In step 1021, the selector 
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510 selects } or using the Doppler frequency. Specifically, if 

the Doppler frequency is less than a predetermined threshold, it is determined 
that the mobility of the mobile station is low in step 1021 and the forward fading 

power } is selected in step 1023. 

5 

On the other hand, if the Doppler frequency is greater than the threshold, 
it is determined that the mobility of the mobile station is high in step 1021 and 

{E p* 2 } is selected and output as {pj} in step 1023. 



10 Each array vector calculator 423 in the finger calculates an array vector 

from the reverse signal of each path received from the demodulator 502. Then 
the transmission correlation matrix calculator 424 calculates a transmission 
correlation matrix G using the forward fading powers and the array vectors. 
The weight vector calculator 425 calculates a maximal unique vector from the 

15 transmission correlation matrix Q normalizes it, and sets the normalized maximal 
unique vector as a weight vector w[k] for transmission at the next time point. 

In the mobile communication system with a transmission antenna array 
device of the present invention as described above, since a mobile station feeds 
20 back forward fading information to a base station, the base station can form a 
transmission beam more reliably. As a result, system capacity is increased, 
communication quality is improved, and the transmission power of the mobile 
station is saved. 

25 While the invention has been shown and described with reference to 

certain preferred embodiments thereof, it will be understood by those skilled in 
the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the appended 
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claims. 



5 
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WHAT IS CLAIMED IS: 

1. A base station device having an antenna array, for receiving 
5 forward fading information from a mobile station in a mobile communication 

system, comprising: 

a reverse processor for processing a reverse signal received through the 
antenna array; 

a forward fading information extraction unit for extracting forward 
10 fading information from the received reverse signal; 

a beam formation controller for generating a weight vector for formation 
of a transmission beam using the forward fading information and the received 
reverse signal; and 

a forward processor having a transmission beam generator for generating 
1 5 a transmission beam for a transmission message based on the weight vector. 

2. The base station device of claim 1, wherein the forward fading 
information extraction unit comprises: 

a forward fading decoder for decoding forward fading information for 
20 each path fed back from a mobile station from the output of the reverse 
processor; and 

a forward fading extractor for extracting a forward fading coefficient 
from the decoded forward fading information. 

25 3. The base station device of claim 2, wherein if the decoded 

forward fading information is represented as complex information 
Ipfgfdi)** mj i = l, 2, Af}, the forward fading extractor extracts a complex 
forward fading coefficient {/3. F ,i-l,2 t -~,M} using a weight vector w and an 
estimated array vector {a(0- ), i - 1, 2, • • • , M} used for formation of the 
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transmission beam. 



4. The base station device of claim 2, wherein if the decoded 
forward fading information is represented as quantitative information 
5 { fifgfdifw , i = l,2, M} , the forward fading extractor extracts a forward 

fading severity {\fi t F . i-l, 2, ~>, Af) using a weight vector w and an 
estimated array vector {a(0 ( ), i -1, 2, - M} used for formation of the 
transmission beam. 

10 5. The base station device of claim 2, wherein the forward fading 

information extraction unit further comprises a memory for storing a 
predetermined number of previous forward fading coefficients. 

6. The base station device of claim 2, wherein the beam formation 
1 5 controller comprises: 

a forward fading power calculator for calculating forward padding power 
for each path based on the extracted forward fading information; 

an array vector calculator for calculating an array vector for each path 
from the received reverse signal; 
20 a transmission correlation matrix calculator for calculating a 

transmission correlation matrix based on the forward fading powers and the array 
vectors; and 

a weight vector calculator for calculating a weight vector from the 
transmission correlation matrix, updating the previous weight vector with the 
25 calculated weight vector, and outputting the updated weight vector as a control 
signal to the transmission beam generator. 

7. The base station device of claim 6, wherein the forward fading 
power calculator comprises an average reverse fading power calculator for 
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calculating an average reverse fading power for each path from the reverse signal 
and a Doppler frequency estimator for estimating the mobility of the mobile 
station, for calculating the forward fading power using the forward fading 
information, the reverse fading power, and the Doppler frequency according to a 
5 feedback delay time and the movement speed of the mobile station. 



8. The base station device of claim 6, wherein the forward fading 
power calculator receives the extracted forward fading coefficient for each path 
and outputting forward fading power for each path if a variation of the feedback 

10 time delay is small. 

9. The base station device of claim 6, wherein the forward fading 
power calculator calculates the current forward fading coefficient for each path 
by a predetermined prediction method using the plurality of previous forward 

15 fading coefficients for each path, the average reverse fading power for each path, 
and the Doppler frequency for each path if a variation of the feedback time delay 
is great. 

10. The base station device of claim 9, wherein the forward fading 
20 power calculator calculates the current forward fading coefficient for each path 

{fii F [k]J = l,2,-~,M} by a predetermined linear prediction method using the 
plurality of previous forward fading coefficients for each path 
{^[Jfc-Z^A'tifc-Z)-^ is a unit delay 

time of forward fading information between the base station and the mobile 
25 station), the average reverse fading power for each path {E[\J3 i ],i = l 9 2 9 -~ 9 M) , 
and the Doppler frequency for each path {f Di , i = 1, 2, • • , M} , and then generates 

F 2 

the forward fading power for each path {/>,} = {# , i = 1, 2, • • • , M) . 
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11. The base station device of claim 9, wherein the forward fading 
power calculator calculates a current forward fading severity for each path 
{P t F [k] 9 i = l 9 2,-- ,M} by a predetermined linear prediction method using a 
plurality of previous forward fading severities for each path 

5 {j/J^lIA: — Z>]|, l/?^!*: — -O — - - — — K -h * = 1, 2, - Af > <X> is a unit delay 
time of forward fading information between the base station and the mobile 
station), the average reverse fading power for each path {E[ p. ], i = 1, 2, * • • , M) , 
and the Doppler frequency for each path {f Di , i = 1, 2, • - , M) , and then generates 
the forward fading power for each path {/?,} = {/?, | J = 1,2, -sM} . 

10 

12. The base station device of claim 8, wherein the forward fading 
power calculator further comprises: 

a mobility estimator for estimating the mobility of the mobile station; 

and 

15 a selector for receiving the average reverse fading power for each path 

from the average reverse fading power calculator and the forward fading power 
for each path and selecting the forward fading power if the mobility is lower than 
a predetermined threshold and the average reverse fading power if the mobility is 
greater than the threshold. 

20 

13. The base station device of claim 12, wherein the mobility 
estimator estimates the Doppler frequency for each path {f Dti ,i = 1,2,--,M} 

from the received reverse signal. 

25 14. The base station device of claim 9, wherein the forward fading 

power calculator further comprises: 

a mobility estimator for estimating the mobility of the mobile station; 
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and 

a selector for receiving the average reverse fading power for each path 
from the average reverse fading power calculator and the forward fading power 
for each path and selecting the forward fading power if the mobility is lower than 
5 a predetermined threshold and the average reverse fading power if the mobility is 
greater than the threshold. 

15. The base station device of claim 14, wherein the mobility 
estimator estimates the Doppler frequency for each path {/ W> / = 1,2,- S M} 

10 from the received reverse signal. 

16. The base station device of claim 6, wherein the array vector 
calculator calculates an array vector {a(0 f ),i =1,2, M} directly from the 
reverse signal, 

15 

17. The base station device of claim 16, wherein the transmission 
correlation matrix calculator calculates a transmission correlation matrix 

M 

G = £ Pi a{0i)a(6 \) H using the array vector {a(0.),i = 1,2, — ,M} and the 
forward fading power {p t , i = 1, 2, • • , M} . 

20 

18. The base station device of claim 17, wherein the weight vector 
calculator calculates a maximal unique vector corresponding to a maximal 
unique value of the transmission correlation matrix, normalizes the maximal 
unique vector, and outputs the normalized maximal unique vector as the weight 

25 vector. 

19. The base station device of claim 18, wherein the transmission 
beam generator forms a transmission beam by generating as many duplication 
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signals of a transmission message as the number of antennas in the antenna array 
and multiplying the duplication messages by weight vector components. 



20. A mobile station device in a mobile communication system, 
5 comprising: 

a forward processor for processing a received forward signal; 

a forward fading estimator for estimating forward fading information of 
the forward signal for each path; 

a forwarding fading encoder for combining the estimated forward fading 
10 information and encoding the combined forward fading information; and 

a reverse processor for multiplexing the encoded forward fading 
information with a transmission message and feeding back the forward fading 
information in the multiplexed signal to a base station. 

15 21. The mobile station device of claim 20, wherein if the forward 

signal forms an omnidirectional beam, the forward fading estimator estimates 
complex forward fading information {pf , / = 1, 2, * • • , M} . 



22. The mobile station device of claim 20, wherein if the forward 
20 signal forms an omnidirectional beam, the forward fading estimator estimates 

forward fading severity information { , i = 1, 2, • * * , M) . 



23. The mobile station device of claim 20, wherein the forward 
fading estimator estimates complex forward fading information 
25 {fi t F a(0,. ) H wj = 1, 2,**-,M} from the forward signal. 



24. The mobile station device of claim 20, wherein the forward 
fading estimator estimates forward fading severity information 
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\pf ) " ;h|, ' = 1, 2, • • • , M} from the forward signal. 

25. The mobile station device of claim 20, wherein the reverse 
processor inserts the forward fading information into a predetermined reverse 

5 channel message, for transmission. 

26. The mobile station device of claim 20, wherein the reverse 
processor transmits the forward fading information on a separately designated 
reverse channel. 

10 

27. A mobile communication system comprising: 

a base station device having a reverse processor for processing a reverse 
signal received through the antenna array, a forward fading information 
extraction unit for extracting forward fading information from the received 

15 reverse signal, a beam formation controller for generating a weight vector for 
formation of a transmission beam using the forward fading information and the 
received reverse signal, and a forward processor having a transmission beam 
generator for generating a transmission beam for a transmission message based 
on the weight vector; and 

20 a mobile station device having a forward processor for processing a 

received forward signal, a forward fading estimator for estimating forward fading 
information of the forward signal for each path, a forwarding fading encoder for 
combining the estimated forward fading information and encoding the combined 
forward fading information, and a reverse processor for multiplexing the encoded 

25 forward fading information with a transmission message and feeding back the 
forward fading information in the multiplexed signal to a base station. 

28. A transmitting method for a base station that has an antenna 
array and received forward fading information from a mobile station in a mobile 
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communication system, comprising the steps of: 

processing a reverse signal received through the antenna array; 

extracting forward fading information from the processed reverse signal; 

generating a weight vector using the forward fading information and the 
5 received reverse signal; and 

forming a transmission beam for a transmission message based on the 
weight vector. 

29. A communication method for a mobile station in a mobile 
10 communication system, comprising the steps of: 
processing a received forward signal; 

estimating forward fading information of the forward signal for each 

path; 

combining the estimated forward fading information and encoding the 
1 5 combined forward fading information; and 

multiplexing the encoded forward fading information with a transmission 
message and feeding back the forward fading information in the multiplexed 
signal to a base station. 

20 30. A communication method between a base station having an 

antenna array and a mobile station, comprising the steps of: 

estimating forward fading information of a forward signal received from 

the base station for each path, combining the estimated forward fading 

information, encoding the combined forward fading information, and feeding 
25 back the encoded forward fading information to the base station in the mobile 

station; 

extracting the forward fading information and generating a weight vector 
using the extracted forward fading information in the base station; and 

forming a transmission beam for a transmission message based on the 
30 weight vector and outputting the transmission beam through the antenna array in 
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the base station, 

31. A base station device that has an antenna array and received 
forward fading information from a mobile station in a mobile communication 

5 system, comprising: 

a reverse processor for processing a reverse signal received through the 
antenna array; 

a forward fading information extraction unit for extracting forward 
fading information from the received reverse signal; 
10 a forward fading power calculator for calculating a forward fading power 

for each path based on the extracted forward fading information; 

an array vector calculator for calculating an array vector for each path 
from the reverse signal; 

a transmission correlation matrix calculator for calculating a 
15 transmission correlation matrix using the forward fading powers and the array 
vectors; 

a weight vector calculator for calculating a weight vector from the 
transmission correlation matrix, updating an existing weight vector with the 
calculated weight vector, and outputting the updated weight vector as a control 
20 signal to the transmission beam generator; and 

a forward processor having a transmission beam generator for generating 
a transmission beam for a transmission message based on the weight vector. 

32. A base station device that has an antenna array and received 
25 forward fading information from a mobile station in a mobile communication 

system, comprising: 

a reverse processor for processing a reverse signal received through the 
antenna array; 

a forward fading information extraction unit for extracting forward 
30 fading information from the received reverse signal; 
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a forward fading power calculator for calculating an average reverse 
fading power and a Doppler frequency from the received reverse signal and 
calculating a current forward fading power for each path by a predetermined 
prediction method based on a plurality of previous forward fading coefficients 
5 for each path, the average reverse fading power, and the Doppler frequency; 

an array vector calculator for calculating an array vector for each path 
from the reverse signal; 

a transmission correlation matrix calculator for calculating a 
transmission correlation matrix using the forward fading powers and the array 
10 vectors; 

a weight vector calculator for calculating a weight vector from the 
transmission correlation matrix, updating an existing weight vector with the 
calculated weight vector, and outputting the updated weight vector as a control 
signal to the transmission beam generator; and 
1 5 a forward processor having a transmission beam generator for generating 

a transmission beam for a transmission message based on the weight vector. 

33. A base station device that has an antenna array and received 
forward fading information from a mobile station in a mobile communication 
20 system, comprising: 

a reverse processor for processing a reverse signal received through the 
antenna array; 

a forward fading information extraction unit for extracting forward 
fading information from the received reverse signal; 

25 a forward fading power calculator for calculating forward fading power 

for each path based on the extracted forward fading information, calculating an 
average reverse fading power from the reverse signal, and selecting the forward 
fading power if the mobility of the mobile station is lower than a predetermined 
threshold and the average reverse fading power if the mobility of the mobile 

30 station is greater than the threshold; 
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an array vector calculator for calculating an array vector for each path 
from the reverse signal; 

a transmission correlation matrix calculator for calculating a 
transmission correlation matrix using the forward fading powers and the array 
5 vectors; 

a weight vector calculator for calculating a weight vector from the 
transmission correlation matrix, updating an existing weight vector with the 
calculated weight vector, and outputting the updated weight vector as a control 
signal to the transmission beam generator; and 
10 a forward processor having a transmission beam generator for generating 

a transmission beam for a transmission message based on the weight vector. 

34. A base station device that has an antenna array and received 
forward fading information from a mobile station in a mobile communication 
1 5 system, comprising: 

a reverse processor for processing a reverse signal received through the 
antenna array; 

a forward fading information extraction unit for extracting forward 
fading information from the received reverse signal; 

20 a forward fading power calculator for calculating an average reverse 

fading power and a Doppler frequency from the received reverse signal, 
calculating a current forward fading power for each path by a predetermined 
prediction method based on a plurality of previous forward fading coefficients 
for each path, the average reverse fading power, and the Doppler frequency, and 

25 selecting the forward fading power if the mobility of the mobile station is lower 
than a predetermined threshold and the average reverse fading power if the 
mobility of the mobile station is greater than the threshold; 

an array vector calculator for calculating an array vector for each path 
from the reverse signal; 

30 a transmission correlation matrix calculator for calculating a 
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transmission correlation matrix using the forward fading powers and the array 
vectors; 

a weight vector calculator for calculating a weight vector from the 
transmission correlation matrix, updating an existing weight vector with the 
5 calculated weight vector, and outputting the updated weight vector as a control 
signal to the transmission beam generator; and 

a forward processor having a transmission beam generator for generating 
a transmission beam for a transmission message based on the weight vector. 

10 35. A forward signal transmitting method for a base station that has 

an antenna array and received forward fading information from a mobile station 
in a mobile communication system, comprising the steps of: 

extracting forward fading information from a reverse signal received 
through the antenna array; 
1 5 calculating a forward fading power for each path based on the extracted 

forward fading information; 

calculating an array vector for each path from the reverse signal; 
calculating a weight vector based on the forward fading powers and array 
vectors and updating an existing weight vector with the calculated weight vector; 
20 and 

forming a transmission beam for a transmission message based on the 
weight vector and outputting the transmission beam through the antenna array. 

36. A forward signal transmitting method for a base station device 
25 that has an antenna array and received forward fading information from a mobile 
station in a mobile communication system, comprising the steps of: 

extracting forward fading information from a reverse signal received 
through the antenna array and storing the extracted forward fading information; 

calculating an average reverse fading power and a Doppler frequency 
30 from the received reverse signal and calculating a current forward fading power 
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for each path by a predetermined prediction method based on a plurality of 
previous forward fading coefficients for each path, the average reverse fading 
power, and the Doppler frequency; 

calculating an array vector for each path from the reverse signal; 
5 calculating a weight vector based on the forward fading powers and array 

vectors and updating an existing weight vector with the calculated weight vector; 
and 

forming a transmission beam for a transmission message based on the 
weight vector and outputting the transmission beam through the antenna array. 

10 

37. A forward signal transmitting method for a base station device 
that has an antenna array and received forward fading information from a mobile 
station in a mobile communication system, comprising the steps of: 

extracting forward fading information from a reverse signal received 
1 5 through the antenna array; 

calculating forward fading power for each path based on the extracted 
forward fading information, calculating an average reverse fading power from 
the reverse signal, and selecting the forward fading power if the mobility of the 
mobile station is lower than a predetermined threshold and the average reverse 
20 fading power if the mobility of the mobile station is greater than the threshold; 

calculating an array vector for each path from the reverse signal; 

calculating a weight vector based on the forward fading powers and array 
vectors and updating an existing weight vector with the calculated weight vector; 
and 

25 forming a transmission beam for a transmission message based on the 

weight vector and outputting the transmission beam through the antenna array. 

38. A forward signal transmitting method for a base station device 
that has an antenna array and received forward fading information from a mobile 

30 station in a mobile communication system, comprising the steps of: 
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extracting forward fading information from a reverse signal received 
through the antenna array; 

calculating an average reverse fading power and a Doppler frequency 
from the received reverse signal, calculating a current forward fading power for 
5 each path by a predetermined prediction method based on a plurality of previous 
forward fading coefficients for each path, the average reverse fading power, and 
the Doppler frequency, and selecting the forward fading power if the mobility of 
the mobile station is lower than a predetermined threshold and the average 
reverse fading power if the mobility of the mobile station is greater than the 
10 threshold; 

calculating an array vector for each path from the reverse signal; 

calculating a weight vector based on the forward fading powers and array 
vectors and updating an existing weight vector with the calculated weight vector; 
and 

15 forming a transmission beam for a transmission message based on the 

weight vector and outputting the transmission beam through the antenna array. 
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